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INTERIM REPORT ON THE 
GEOLOGY AND GROUND-WATER RESOURCES OF MORGAN COUNTY 
ALABAMA 


By Chester L. Dodson and Wiley F. Harris, Jr. 


INTRODUCTION 


Morgan County includes an area of 587 square miles in north Ala- 
bama and is bordered by Marsnall, Madison, Limestone, Lawrence, and 
Cullman Counties (fig. 1). According to the 1960 census, the population 
of the county is 60,454. Decatur, the largest city in Morgan County, 
has a population of 29, 217, and Hartselle, the second largest city, has 
a population of 5,000. Most of the county is in the Tennessee Vailey, 
and Decatur is adjacent to the Tennessee River. Topography of the cour 
_ty is characterized by broad open valleys and plateaus bordered by es- 
carpments. Total relief of the area is about 800 feet--the lowest point 
is about 550 feet and the highest point is about 1,350 feet above sea level, 

Adequate transportation serves the basic agriculturaland growing 
industrial communities. Several State and Federal highways and two 
mainline railroads cross the county. Water enone tation is available 
on the Tennessee River, and air Peaepontation serving Decatur became 
available in April 1960. 
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The climate of the county is mild. The average annual tempera~ 
ture is about 61°F, the average winter temperature is about 40°F, and 
the average summer temperature is about 80°F. The average annual 
precipitation is about 50 inches and is mostly im tae form ofrain. Early 
spring is usually the wettest season of the year and early fall is the dri- 
est. The growing season is about 200 days. 


The U.S. Geological Survey is making an investigation of the ge- 
ology and ground-water resources of Morgan County in cooperation wita 
the Morgan County Board of Revenue and Control, Mr. Guy D. Roberts, 
Chairman, the city of Decatur, Mr. Murray Dodd, Mayor, and the Ge- 
ological Survey of Alabama, Dr. Walter B. Jones, State Geologist. The 
purpose of this report is to present basic hydrologic and geologic data 
prior tothe release of a comprehensive report, as an aid inthe develop~ 
ment and evaluation of ground-water resources in MorganCounty. Some 
information presented in this report is tentative and may be modified in 
the final report. 
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Figure |.-Map of Alabama showing area studied and areas of 
Other ground-water studies. 


Purpose and Scope of Investigation 


The purpose of the investigation is to determine the occurrence, 
availability, and quality of ground water in Morgan County. Data are 
being collected to provide basic information for the most efficient de- 
velopment of water supplies for agricultural, municipal, industrial, and 
domestic use. Uses of ground water in the county in 1960 are chiefly 
domestic and agricultural. A single municipality, Falkville, and a few 
light industries use ground water also. 


The following itemization describes the scope of the investigation: 


1. Inventory of wells and springs; records data on type of well, 
owner, driller, depth, diameter, water level, water-bearing formation, 
water use, and method of lift. 


2. Geologic mapping of the county on a scale of about 1 inch to l 
mile and determination of the relation of the geology to the occurrence 
and movement of ground water. 


3. Test drilling in areas where geologic and ‘ydrologic data are 
needed. 


4. Pumping tests to determine the hydraulic characteristics of the 
water-bearing formations and the quantity of water available. 


9. Determination of pumpage, flow from springs, and quantity of 
ground water used. 

6. Measurement of water levels andcorrelation withprecipitation 
and pumpage. 


1. Determination of the chemical quality of ground water and its 
relation to geologic formations and structures. 


8. Preparation ofa comprehensive report onthe geology and ground- 
water resources of Morgan Couniy. 


Previous Investigations 

Several workers have included Morgan County as pari of regional 
studies. Among them were Tuomey (1858), Smith (1890, 1894, 1907), 
McCalley (1896), Butts (1926), Semmes (1929), Johnston (1933), and 
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Welch (1958). A report by Johnston (1933, pt. 1, p. 290-296, pt. 2, 
tables 35 and 36) outlined the geology, physiography, and occurrence of 
ground water in each of the formations and included water analyses from 
4 welis and 2 springs. 


Acknowledgments 
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Well-Numbering System 


The numbering of wells in Morgan County is based on the Federal 
system of subdivision of the public lands. The public lands are divided 
into townships approximately 36 square miles in area. In the well- 
numbering system used in this report the townships in Morgan County 
are designated by letters, im alphabetical order, beginning with ''A'' in 
the northwest township. The wells within a township are numbered con- 
secutively in each successive section, beginning in the northeast corner 
(fig. 2). In table 2, each number is prefixed by the letter identifying the 
township, for example, N-1, N-2, N-3. 


GENERAL GEOLOGY AND OCCURRENCE OF GROUND WATER 


The consolidated-rock aquifers underlying Morgan County are of 
Mississippian and Pennsylvanianage. They are subdivided intoeight for- 
mations, which, from oldest to youngest, are the Fort Payne chert, Tus- 
cumbia limestone, Ste. Genevieve limestone, Gasper formation, Hart- 
selle sandstone, Bangor limestone, and Pennington and Pottsville forma- 
tions. Summary descriptions of the formations and their water-bearing 
characteristics are given in table 1. The distribution of their outcrops, 
except of the Fort Payne chert which does not crop out in Morgan Coun- 
ty, is shown in figure 3. In most parts of the county the formations are 
weathered and mantled by unconsolidated deposits of clay, sand, and 
gravel, which also may be aquifers locally. 
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Figure 2.-Diagram showing well-numbering system used in this report. 
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Table 1. --Generalized section of the Fort Payne chert and younger geologic formations 
in Morgan County, Ala., and their water-bearing characteristics 


Formation 


Unconsolidated 
deposits 


Pottsville 
formation 


Sandstone, gray, medium- to thick- 
bedded; weathers yellowish brown; 
Less than contains beds of coal, shale, and 
300 conglomerate, 
Limestone, gray, variable bedding; 
typically clayey; some beds are 
70-100 oolitic; interbedded with the shale. 
Shale, red and green. 


Pennington 
formation 


Bangor 
limestone 


Hartselle 
sandstone 


Sandstone, gray, medium thick- 
bedded, calcareous; weathers 
20-100 ; 
yellowish brown; some parts 
silicified; contains some shale beds. 


Three distinct units: top and bottom 
limestone units, gray, variable 
100 bedding, finely crystalline or oolitic, 
somewhat cherty, each about 30 ft, 
thick; middle shale unit, gray, about 
40 ft. thick. 
Limestone, very light gray, massive, 
50 thick-bedded, oolitic. 
Limestone, gray, thick-bedded, with 
nodules and interbeds of chert. 


Limestone, dolomitic limestone, 
chert, and dolomite, gray, thick- 
bedded; contains some shale; does 
not crop out in Morgan County. 


Gasper 
formation 


Ste. Genevieve 
limestone 


Tuscumbia 
limestone 


Fort Payne 


120-180 
chert 


Thickness 
(feet) Rock description 


Clay weathered from shale, 
Clay, silt, sand, and gravel weathered 
from sandstone, 
0-100 
Sand and gravel deposited by streams, 
Nodules and rubble of chert weathered 
from limestone formations, 


Limestone, medium-gray, finely 
crystalline and oolitic; contains shale 
375+ and cherty and dolomitic limestone 
beds. 


Water-bearing characteristics 


Yields no water to wells. 


Yields some water to dug wells. 


Yields adequate supplies for domestic and farm 


use ina few small areas. 


Some dug wells developed in this material yield 


as much as 100 gpm (gallons per minute). 


Water occurs along bedding planes and in fractures 


and interstices; typical wells yield less than 10 
gpm, rarely more than 20 gpm; water contains 
iron; hardness of water usually less than 100 ppm 
(parts per million). 


Water occurs in the limestone in cavities and 


fractures and along bedding planes; supplies many 
small springs; some springs may yield more than 
100 gpm; few wells yield as much as 10 gpm; 
average hardness of water is about 150 ppm. 
shale yields little or no water. 


The 


Water occurs in cavities and fractures and along 


bedding planes; minimum flow from some springs 
greater than 100 gpm; wells may yield 100 gpm; 
hardness of water ranges from about 100 ppm to 
more than 300 ppm. 


Water occurs along bedding planes and in fractures; 
typical wells yield less than 10 gpm; hardness of 
water normally is less than 100 ppm. 


Water occurs in cavities and fractures and along 
bedding planes in the limestone; the shale yields 
little or no water; many springs issue from the top 
limestone, some of which yield as much as 100 gpm; 
wells commonly yield more than 10 gpm; the bottom 
limestone unit yields less water; hardness of water 
may range from less than 100 ppm to more than 
500 ppm. 


Water occurs in cavities and fractures and along 
bedding planes, chiefly at or near contacts with 
overlying and underlying formations; yields little 
water except in and near its area of outcrop. 


Water occurs in cavities and fractures and along 
bedding planes; major aquifer in the county; wells 
that are capable of yielding 100 gpm are common; 
average hardness of water is about 150 ppm. 


Water occurs in caviti2s and fractures and along 
bedding planes; some wells are capable of yielding 
more than 150 gpm; .hardness of water ranges 
between 100 ppm and 250 ppm. 
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Water that occurs in the zone of saturation is termed ground wa- 
ter. The surface forming the upper boundary of unconfined ground water 
is the water table. Where the water is confined by an impermeable layer 
the upper surface is an imaginary surface that everywhere coincides with 
the static level of the water in the aquifer and is termed the piezometric 
surface (Meinzer, 1923b, p. 38). 


In Morgan County ground water is derived from precipitation. Part 
of the rainfall runs off into streams, and part of it evaporates. The rest 
seeps into the soil where it may be partly absorbed or may be used by 
vegetation. About one-fourth of the total precipitation inthe county per- 
colates downward through the soil and becomes ground water (Curtis, 
1953, p. 36). As the groundwater moves downward and laterally through 
the rocks, its path of flow is circuitous, especially inlimestone aquifers 
where most of the rock itself isimpermeable, and the water moves along 
solution channels and fractures. The rate of flow is not everywhere the 
same. For example, in this area ground water commonly moves more 
rapidly inlimestone aquifers than insandstone aquifers because openings 
in limestone aquifers are generally larger. 


In Morgan County ground water is obtained from limestone, dolo- 
mite, chert, sandstone, and conglomerate. Shale contains water but 
yields almost none to wells. The surficial unconsolidated deposits of 
sand, gravel, and chert rubble also are water bearing. Because of the 
differences in the water-bearing characteristics of the several kinds of 
rock in the county, the ground-water occurrence in each kind is discus- 
sed separately. 


Limestone 


The most productive aquifers in the county occur in limestone. 
Nearly all the ground water in limestone occurs in solution cavities, 
which originally were smaliopenings developed along joints, fault planes, 
and bedding pianes. These openings were enlarged principally by the 
solvent action of ground water, although they may have been enlarged to 
some extent by the abrasive action ofrock particles carried by the water. 
Many of the cavities are several feet across. Some are filled or partly 
filled with unconsolidated material. This material may be mud, sand, 
or gravel that was washed in from the land surface, or it may be pieces 
of chert that remained after solution of cherty limestone. Water may be 
developed from completely filled cavities if the material filling them is 
permeable. The cavities ordinarily are interconnected and form sys- 
tems that may extend for several miles. 


Sandstone 


Sandstone contains ground water in the interstices between sand 
grains, and in openings along bedding planes and joints. If water can 
move freely between interstices, the sandstone is permeable and large 
quantities of water may be obtained from it. Cementing materiai may 
fill the interstices so completely, however, that the movement of water 
through the sandstone is restricted or stopped. All or part of a sand- 
stone bed may be impermeable for this reason. Generally, the sand- 
stones cropping out in the county contain abundant cementing material 
and therefore are poor aquifers. 


Shaie 


Shale is composed mainly ofclay, which consists of very fine par- 
ticles, and water does not readily flow throughit. Shale yields little 
water to wells in the county. Locally shale is known also as soapstone 
or slate. 


Unconsolidated Deposits 


Unconsolidated deposits cover the bedrock in most of tie county. 
Residual chert deposits on top of the limestone formations contain large 
quantities of ground water, especially in the lower valleys. In parts of 
the county the sandstone formations are mantled by deposits of loose 
sand that are water bearing. Ina few smaili areas, stream-deposited 
sand and gravel formations yield supplies of ground water adequate for 
domestic and farm use. 


AVAILABILITY OF GROUND WATER 


Rainfall supplies an average of about 300 million gallons of ground 
water daily in Morgan County (Curtis, 1953, p. 35-37), but only part of 
this can be recovered. Ground water in usable quantities is unevenly 
distributed, both from place to place and from time to time, because of 
the complex geologic and hydrologic conditions in the county. More 
ground water may be: available in one place than in another because of 
the differences in water-bearing characteristics of the several types of 
rocks. Even neighboring wells may produce differently. The greatest 
problem in recovering ground water in Morgan County is locating the 
rocks where water is in storage. 
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The difference in availability of ground water from time totime is 
ordinarily seasonal. Generally, more ground water is available during 
the winter and spring than during the summer and fall. This is partly 
because precipitation is greater and more uniformly distributed during 
the winter and spring, but more importantly because evapotranspiration 
losses are greatest during the summer and early fall. 


The position of the water table reflects the quantity of ground wa- 
ter stored in the earth. When the water table is high more water is a- 
vailable from wells and springs than when the water table is low. 


Less than 10 million gallons of ground water is used daily in Mor- 
gan County. The unused spring discharge alone probably exceeds this 
amount, and several times this amount probably could be obtained from 
existing wells. This indicates a considerable potential for future devel- 
opment of ground-water supplies. 


CHEMICAL QUALITY OF GROUND WATER 


The chemical quality of ground water depends to a great extent on 
the composition of the rock through which it moves. Water dissolves all 
rocks, although it dissolves some very slowly. Limestone, the most 
common rock in Morgan County, is composed principally of calcium 
carbonate, but includes minor amounts of magnesium carbonate, and is 
readily dissolved by ground water. In the process of solution, calcium 
carbonate is converted to calcium bicarbonate, which is the most com- 
mon mineral matter in the ground water in Morgan County. Hardness 
of the water is caused chiefly by calcium and magnesium carbonate. The 
water may contain sodium, iron, sulfate, nitrate, chloride, and fluoride. 


The quality of ground water in the county is generally good. Water 
from most of the wells and springs in the limestone formations is mod- 
erately hard. Many welis in the county yield what is called "sulfur wa- 
ter, '' caused chiefly by hydrogen sulfide in soiution. lImost all water 
fromthe sandstone formations contains iron. Chloride content and hard- 
ness of water in wells and springs in the county are given in table 2. 


The temperature of ground water isapproximately equal to the av- 
erage annual temperature of the area where the well is located plus 1°F 
per 100 feet of depth to the aquifer. The temperature of ground water 
remains nearly constant throughout the year and in Morgan County is 
about 62°F. 
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